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.~igh-sp,b~.d~oti”onpictures”~w’e,r;‘t~eti.of fuel”sprays
..

inj~ec:t,ed”into the combustion.chamber of the ,H~A..C.A.“com-
bustion”appa~at

W&&x
Three fusl’s<etliy~alcohdl,ga~oiine,,”

and fit-alOii< differedcon$,ide”ra~l,yin volatility
were tested. 3 maintainingthe engirietemperaturebelow

-%-=&-that r~quiredfor gni,ion the s’pray’“co’uldbe studiedfrom
soon after’the,stak’t.ofinjectionuntil 130 crank degrees
later.” The results show that the spraysvaporize appre-
ciably so that it is possiblefor theignition In “high-
speod cQmR,r.Oss.ion,-ignitionengines, to t*e place.from the
vap”orp~ase. ..
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IN?RODUCTION.

Preliminary,resul.tsobtainedwi,ththe ,H.A.C.A. com-
bustion apparatus (reference1) indicatedthat there was
marked vaporizationof the fuel during and followingits
injectioninto ‘highlyheated and,dense air. As this pke-
nomdnon shouldhave an appreciable“ef.~ec’tOrithe combus-
tion of,the,f,uel,particularlyunder tho coh.dition”s“w~ich
cause co.m~ustiopshpc,k,a series of teststiaS,outlinedto
investigatefully the vaporizationof the fuel spray. The
purpose of ti@.snate is to,preseqt the first,re’suitsob-
tained in these tests. The note is to ho fcillowedby a
report which will discuss t-hovaporization~ild its offoct
on combustionin moro detail.’.. ,
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MI!T~ODS””ANDAPPARATUS -. ,,.- .! .’
..., ,.

. .
‘TiLe.N.A.C. A. .canib~siionapparatus was” used in the in-

v&stigatTon.. The.ap@ar&t~8$“qns.i!s”tsof a.slngle=cylinde.r
te~~ engine q~d an injectionsystem to~~ther’’”tiitha ‘hi.g”a- .-..--==

speedmotion picture apparatus- The compressionratio of
.—
-



the engine f.S 15.8:1, ,!!!hesides df the‘combustioncham-
ber of the engine are formedby glass windows through
which the photographsare taken. In the operationof the
apparatusthe.eng”~ne’is driven at the’de-siredspeedby an
electricmotor. By means of a suitableclutch a single
char~e of fuel is injeetedinto the combustionchamberof
the engine during the compressionstrokeor the first pert
of tko expansionstroke, At the same time that the in-
jectionis takingplace high-~pe’edmotion pictures are talc-
on of tho fuel Spi’e,yo In tho present series of tests13
pictureswero taken at the rato of 1,000per sticond.The
~photographswere timed.’relat’~veto %he position of the
crankshaftof”the engine by’meansof an .eIectricspark.
The temperatureof th&”glyeerincirculatedin the heads
and cylinderjacket of:the enginewas maintainedat 100°E.
tliroughoutthe tests so th~,tcomhusticnof ‘their+jected
fuel would not take pl+ace. Consequently,at.,theengine ,
speedused in these‘tests,1,500 r.p.m.,the physical
changesin the state’ofthe fuel could be studiedover an
intervalof 130 crank degrees;

..
The injectionpressurewas 4,000 pounds per square

inch, the injectionvalve opening~~ressure4,000 pounds
per square inch, and ths ini,%”fkl_pi’essurein the injection
line before injection 1,000 pounds per square inch,

. . . . . .
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~IscussIoN’AND ;;ST:.RESULTS” .,,

Etky} alcohol,gasoline,and”f.ueloil were used in
th~ present t~sts. These fuels”were chosen because they
?.iffertid.considerablyin volatility. (Seefig, 1.) If
the fue’lsdid vaporizein tilecombustion‘chamberof the
tingine,the point at which thecondenso,tionof tha vapor
occurrod-shouldvary considerably&ependingon the boil-
in~ point or boiling range of the fuel, Proof of–thisis
shown in Figures2, 3, and 4. An examination“ofthe fig-
ures-shows that as the fuel c.uaeinto the combmstion,chain-
her t-Lesilhouetteo: the spraywas recordedon the photo-
g~aphicfilm. The spraythen disappeared,or tended to
d~sa,~J-:~ear, followingthe cut-off of injection, Some time
after top,centerthe fuel which had vwporizedcondensed,
bloc~inEout the light from the spark di.e..chargo,sso that
no light”;‘,orvery little,was recordedon..thephotographic
.fili~.On each figure a line htisbeen drawnthrough all
the rbcords to indicatetop c6’hter,A secondline has been
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drawn through the,,l,a.s~~~h.ot,ograph/afterIto~”center ~ti‘“~
which no fuel appeared~withinje,ctioastar’ti’ng‘at”50’d“or
40°“beforetop center.” It will be noticed that“Kh:e”s~”&rk
discharg6swere r“et.ardedso that the first:jho,togrtiph’was
taken n“earor at “theend of injection. This was done so
that a longer intervalon the e.~ansionstroke could be
studied~ .......:,

Wnen ethyl alcoholwas used, the vaporizatioqc+was
quite completeas indicatedby,the cl$ar.imagesof”the .

,.combustionchamberfollowingipjection; Yhb cbhden”sation
tooti--plac’e’between 50°.and 69°. after tdp center; *he“6x-
aot““timedependingsomewhat.on.,the .iaject.ionoadvancean-
git+(1.A.A:). With injectionstartingat 50 befo~e to”8center the vaporizationwas practicallycompletedat 10
before top center as is indicatedby the clear photograp-hs
of the image of the .combus-t~on‘ohamber,.Tartietilayl;y‘libte-
worthy is the sp’eed”withwhi~h.the con@.ns.ati’on‘tookplace
as is shown,by the,”svddenbl.o+ckingout’of .ihe“lightfrom
the condenserdi’s”char~esbetween-56° and 60° after top
center. The same is true with injectionstartingat 40°
before top center. With fnjectionstartingat 30°, 20°,
and 10° before top center and at top center the condensa-
tion becomes less rapid, as”is indicatedby the photo-
graphs in which some of the condensateis shown although
the light is not comple~ply,blocked otzti.*:-J .

:.:.”,.’.:’--
With ~asoline.clear images of t~e codkmstionchamber

were also-obtained,indicatingthat,vaporiz~tion.must
stillhave %een quite completealthoughthe condensation
was less rapid. Condensationgccurred,howevor, earlier
in tho expansionstroko (at 42 after top center). With
injectionstartingat 80° and 70° before top centerthe
photo~raphsshow that the fuel spray diffused,almost
filling the chambersand then vaporized$condensingon the
expansionstroke.

Tith the fuel oil the vaporizationwas less rapid and
thg condensationoccurred still earlier in the str~ke (at
27 after top centerwith injectionstartingat 50 before
top center). In no case was the ~~Porizatio~comPl~to
with injection startingbetween 40 before and at top cen-
ter. Vith injectionstartingat 500 before top center the
fuel diffused camplotelythrough t’hoc’hamber,blockingout
all tho light, and then vaporized=

A comparisonof all the figures shows that, under
the conditionsof operationof high-spoodcomprossion-.
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ignitione+ngineb,fuel’s~r~yswill Vaporizoduring and
followingtheir injectioninto the engino and that this
vs$ori.zationta.kbs’place”oven though the t~mporaturain
tho ‘engineis”not sufficient*O cause combustion.

.
,. CONCLUSIONS ‘

“ ?lhb’test’resultspresented‘showt~atf“u?l”sprays in-
jected into thecombustion chamh$r’of,a conpression-i.gni-
tion bn’ginevaporizeappreciablyso’thafthecombuption““
can proceed from tlievapor pbase”ins’tead’~~’’fromthe liquid
phase. ..’.. ~,.”~::.! :.
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Fig.1 Distillationcurvesoffuelstested&
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rig.2 Vaporizationofethylalcohol. Wine r.p.m.,1~.Engineh?aqmmtm,loo~.
Fuelquantity,0.00@5pourd.Discharge-orificediametm,O.WO inch.
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F@. 3 Vaporizationof gasoline.Enginer.p.rn.,W. Xaglnetemperature,100%. g
Fuelquantity,0.00W5pound.Disoharge-orificediameter,0.020W& M
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Fig. 4 Vaporisationoffuel011.Enginer.p.m.,1500.Emgineteqerahme,100°Jf’.
-1 quantity,0.00024pound.Dhmhsrge-orifice~i=terg o.~o in~.
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